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D. A. Ryzshkov
I. SHORT HISTORY OF DOMESTIC MACHINE-TOOL BUILDING

The Tearist government, instead of utilizing the ocutstanding work of the
Russisn pecple and developing domestic machine-tool building, imported most of
its machine tools from abroad, principally from Germany. Domestic plants of
prerevolutionary Russia manufactured only a small quantity of the simplest
equipment; the manufacture of metal-cutting machine tools vas in an embryonic
state. In 1913, only about 1,500 machine tools of the sizplest types were man-
ufactured in Russia.

The situation in domestic machine-tool building after the October Revolu-
tion changed completely. The party and the govermment exerted tirelass efforts
to reconstruct the machine-tool-building industry while restoring the national
economy. In & short time, the few remaining machine-tool-building plants of
the Tsarist epoch were reconstructed and turned over to full-time machine-tool
manufacture. However, the quantity of machine tools produced by these plants
could not satisfy the growing demands of the national economy. .

Industrialization of the country required the creation of a posrerful ma-
chine-tool-building base in the USSR. During the yesrs of the earlier Stalin
Five-Year Plans, a mighty domestic machine-tool-building industry wvas developed.
014 plants were complstely rebuilt, and the largest machine-tool-building plants
in Europe were built in Moscov, Kiev, Gor'kiy, and other cities of the country.

In the third year of the First Five-Year Plan, the Krasnyy Proletariy Plant
alone produced almost 14 times as many machine tools as were produced by all
‘the machine-tool-building plants of Tsarist Russia.
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The year 1932, the last year of the First Five-Year-Plan, represents a
great victory in Soviet machine-tool building. During that year, the national
economy received 19,700 machine tools, 13 times more than in 1913.

Vigorous development of the machine-tool-building industry continued in
the following years. In 1933, 18,438 machine tools were produced; and in 1937,
31,250 Translation Ro 39/49, 23 June 1949, p 3, paragraph 4, gives the
figure 48,400 for 19317. In 1941, the number of machine-tool plants in opera-
tion increased 4.5 times as compared with 1932.

Along with the increase in the number of machine-tools produced, a con-
stant improvement in the quality and variety of machine tools hag taken place.
Whereas during the First Five-Year Plan, 540 percent of all machine tools manu-
factured were lathes with overhead-belt drives ; in 1937, only machine tools
with individual electric drive were built. At the end of the First Five-Year
Plan, 40 type-sizes of machine toocls had been perfected; at the end of the Sec-
ond Five-Year Plan, this number had increased to 270, All of the machine tools
vhich had been perfected during the Second Five-Year Plan were technically ad-
vanced and at least equal to the best foreign makes of that time. In 9l N
more than 500 type-sizes of machine tools had been perfected.

As early as 1934, a group of Soviet designers under the guidance of V. I.
Dikushin, recent Stalin Prize winner and corresponding member of the Academy of
Sciences USSR, had developed the first Soviet mltispindle combination drilling
and boring machines, 3 years ghead of England and 8 years shead of Germany.

A few decades ago, all machine-building plants were equipped vith only uni-
versal machine tools for manufacturing parts of the most diverse shapes and
sizes. Later, as the production of single-type machines in large geries devel-
oped, the utilization of universal machine tools for machining large quantities
of jdentical parts became unsuitable. As early as the beginning of this century,
in addition to universal machine tools, machine-tool-building plants started to
manufacture special-purpose machine tools which eovld be used in manufacturing
only certain specified parts. Parts were machined in large series on these ma-
chine tools, with high productivity and lower production cost.

During the Second Five-Year Plan, Soviet machine-tool builders were con-
fronted with the task of supplying high-duty special machine tools to the rap-
181y growing machine-building industry which was engaged in the mass production
of sutomobiles, tractors, agricultural machinery, and other machines. The great
variety of masg-produced machines and large number of different parts created
serious difficulties in setting up the production of special machine tools.

The solution of this complex problem could proceed only along the line of
vide utilization of standardized units in the design of special aad particu-
larly of combination drilling and boring machines. Combination machine tools
are made up of standardized assemblies, units, and parts such as power heads,
spindle boxes, tables, beds, etc. Each of these components fulfills certain
gpecified functions in a machine tool. By assembling standardized components
in & definite order and adding to them a few special parts, combination machine
tools are produced which can be used to machine a part from one, two, three, or
four sides. Hence, anywhere from a few up to a hundred tools of all kinds,
such as drills, reamers, broaches, cutters, etc., can operate simultaneocusly on
one combination machine tdol.

One combination machine tool supplants several universal machine tools.
The use of combination machine tools reduces the need for highly skilled labor
and decreases the working-area requirements. Utilization of tested and approved
standardized units in combination machine tools greatly reduces cost, designing
time, and manufacturing time of these machine tools.
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As a result c: the great solicitude shown by the party and the govermment
for the development of Soviet machine-tool building, Soviet industry prior to
World War II was producing the most diverse types of machine tools necessary
to the national eccnomy.

During World War II, as few as 520 cambination machine tools replaced
3,500 universal machine tools in several var plants and released more thaa
5,500 workers for other industrial needs.

; During the war, Soviet machine-tool building nastered the production of
mor< than 200 types of gpecial machine tools, which permitted the organization

’ of mass production of various items needed at the front. .These machine tools
have made possible the use of cortinuous-flov production, a great increase in o —

labor productivity, and the freeing of a large number of workers. ﬁor de- { .
scription of constant-flow production,l—g——v 50X1-HUM

II. OBJECTIVES OF MACHINE-TOOL BUILDING TN THE
POSTWAR FIVE-YEAR 2LAN PERTOD

In 1946, at the historic session of the Supreme Soviet USSR, the Law on
the postwar Five-Year Plan vas passed. Soviet machine building wes confronted
with the task of doubling its output in 1950 as compared with the prevar level,
Even higher production increases were get by the plan for metallurgical, press,
and ferging equipment, locemotives, automobiles, tractors, optical-mechanical
and electrical-measuring instruments, and other equipment and machines.

Special attention was devoted by the postwar Five-Year Plan to problems
concerning all phases of mechanization and automatization of working processes
and to the adoption of constant-Ilcw production methods in various branches of
the national economy.

Machine-tcol building was feced with the huge task of restoring the war-
worn machinc-tool park and ensuring rurther technical progress in machine tuild-
ing.

The execution of this assignrent required a sharp increase in the produc-
tion of speclal and combination machine tools and autoratic transfer machine
lines. Radical changes had to be rade in the desinn of general-purpose machine
tools, and the industry hed to tool up for production of heavy,, small-size, and
high-precision machine tools to meet the demands of all branches of Soviet in-

dustry.
IIT. FULFILIMENT OF THE POSTWAR FIVE-YEAR PLAN
IN MACHIWE-TOOL BUILDING
The basic tendencies of moder: technique - speed~up of working processes,

reduction in time spent for auxiliary operations, increase in the power, duia-
bility, and reliability of machines, automatization of control of moving parts,
technological soundness (tekhnolop;lchnost' }, and maximm unification of de-

8ign -- are reflected in the general-purpose machine tools produced by the So-
viet machine-tool-building industry.

Only e few years ago, the best models of general-purpose machine tools,
such as milling machines, operated at such cutting speeds as a few dogen meters
per minute. The high-speed steel-cutting tools then available to the metalwork-
ing industry did not permit higher speeds. Consequently, these tools did not
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require machine tools with higher speed:, greater rigidity, or power. The hard
alloys developed in recent years by Soviet scientists have permitted Stakhang-
vite workers to attain cutting speeds of 1,000 and even 2,000 meters per minute
in machining ferrous metals and speeds up to 10,000 meters per minute in ma-
chining 1ight alloys. The high speeds possible with modern hard-alloy tools
required a radical change in machine-tool desim, primarily in power, speed,
rigldity, and vibration resistance.

In addition, the decrease in tire taken by the machine tool to remove
chips, as a result of the inecrease in cutting speed, required a decrease in the
time devoted to auxiliery opers*ions.

It i3 clear that simply increasinz the speed of cutiing does not entirely
solve the problems of raising labor productivi ty and improving equipment utili.
gation. For example, in wachining even lerre-series parts on lathes and nilling

: machines, the time taken by the machine 1001 to remove the chips does not, as a
rule, exceed 50 percent of the time requred for the cospletion of the entire
operation.

Hence, the development of domesti: desifng ¢f postwar ceneral-purpose ma-
chine tools proceeded along the foliowing 'ines

1. Automatization of the separate movets.riz, makins (7. possible to achieve
& semiautomatic cycle during wni the worker g Tequired only to insert and
clamp the workpiece and start the machine .

2. Development of suitable x.d ens: contrels Ly maxuvmim reduction of con-
trol units and their good placemer*

3. Development of devices precisely lumrtang tle magmitude of working
strokes. This is especially irportent in he -Speed machining because the in-
creased speeds of movement concentrats Lhe artention 20 the worker on the moment
of completion of the Process, sometines makin: it irpossible to disengage the
moving parts at the proper tire.

L. Automatization of rapid Truavel for Ceed and withdrawal of tools from
the workpiece.

5. Automatization of chanres -» Titinc o owicthons (speeds and feeds) in
various surfaces.

5. Automatization of measirit.c ane chectinz the size of the workpiece.
7. Automatization of workpiece londine rnd remaval of the machined part.

Besldes an inerease in the prosiacriving of machiniag, Principles of safety
and improved working conditions are ieorporated into the new domestic machine-
tool desigms. Torts are being made to eliminate tndustrial accidents, occu-
pational diseases, and mishaps su-r as the catohing of worker's clothing or
hands in machinery, the crushin- -~ feet 7¥ “allinz workpleces, wounds caused
by protruding moving or staticn rachine components, ote,

A great deal of attention ir 1Lhe design of new maczhine tools is devoted to
questions of protection from chips. Hundreds and even thousands of meters of
chips per minute are produced by cutting tools operatine at high speeds. FEreak-
ing and directing these chips awsy rrom the worker are a complicated problem
which can be completely sclved only on certain special machine tools.

S5-TwCaR-T.T
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In all new universal mochine tools, Soviet technique has freed the worker
from & large mumber of manua] operations. JFor example, mechanization of moving
parts (tables, sllides, etc.) has been widely adopted, since manual drives pre-
viously caused the wecrker considerable fatigue. The new machine tools are also
characterized by long life and a continuously operating lubricating system,
There is free ang easy access to electric motors and other units built into the
machine's body, which require less dismantling time during repairs.

The Experimental Scientific Reseerch Institute or Metal-Cutting Machine
Tools (ENIMS) has designed the first Soviet Imeeless-type milling machine; it
has a 40-kilovatt motor, This machine can mill parts at a cutting speed in ex-
cess of 1,500 meters per minmute. The control 1s fully automatic.

At the Kresnyy Proletariy Plent, the olc DIF-200 lathe hag been replaced
by the newly desimed Model 1452 Serew-cutting lathe. This lathe can machine
parts 100 millimeters in dlameter at a speed o- 360 meters per minute and
larger ones at even higher speeds.

The design of this machine 4001 incorporates significant improvements
which facilitate high-speed work. The lathe apror has a dial for indicating
mechining length. To measure machining length on the o014 lathe, it was neces-
Sary to use a ruler and stop the lathe. The goed technological features of the
14628 design made is possible to convert its prodiction o the constant-flow

The same plant has begun series production ci’ the hiph-power universal,
high-speed Model 1620 screw~cuttin- lathe, with 200-millimeter hetght of cen-
ters. The "spindle speeds on this lathe are infinitely variable within the
range of 18-3,000 revolutions per minute. Parts 100 millimeters in diameter
can be machined at speeds up to 900 meters per minute. A small number of han-
dles and buttons are conveniently located for €asy machine-tool control.

The 1620 lathe excels all known foreism universal screw-cutting lathes of
its size in operating qualities. #or the development of thig unique screw-cut-
ting lathe, V. T. Levshunov, supervisor ¢of the Project and leading designer of
the Krasnyy Froletariy Plant, and a &roup ot the plant workers were awarded g
Stalin Prize in 1950.

In 1949, series rroduction of the new Model 16164 Screw-cutting lathe, with
160-millimeter height of centers, was beun At she Volzhskiy Machine-Tool-Build-
ing Plant. The high speed, pawer, and riridity of the 1616 permtt the machining
of parts 80 millimeters in diameter at o speed of up to 500 neters Per minute.
Control of thig lathe is exceptional for itgc simplicity and convenience,

In 1949, production of the following five new models of knee-type m1lling
machines was started at [Ehe Gor'kiy/ #11ling-Machine Plant: the 6K8p universal,
the 6N82G horizontal, the 6x12 vertical, the €883 horizontal, and the 6N13
vertical., These machines make poss:hle the machining of parts at speeds of 600
meters per minute ang up.

The new machines, in addition to their rreat power and hizh speed, are
convenient to operate, the control being effected by means of a small number of
conveniently loecated handles and butions. These uacltines are also character-
ized by rapid-travel mechanical arrar fements for moving the table in three di-
rections (1ongitudina1, transverse, and vertical), which permit the machining
to proceed in s Semisutomatic cycle. The operator need only clamp and remove
the workpiece and watch the operation. A1l remaining operations gre fully au-
tomatic. The machines can also be set up for the pendulum (maya.tnikovyy) auto-
matie cycle. High speeds or cutling, and sutomatization of auxiliary operations
ensure high productivity.
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For mastering the Production of thege milling machines, g group of workers
at ﬁhe Gor'kiz7 Milliing-Machine Plant, headed by leading designer Petyashin,
vere avarded a Stalin Prize for 1949,

The [6«:57 Ra.dia.l-Drilling-Machine Plant has begun series production of
& new, large r ial-drilling machine, Model 257. Speeds and feeds on this ma-
chine can be preselecteqd and are changed automatically during the tool change
by means of a special hydraulic mechanism joined to the chuck and to the gear
shift connections, Thig machine also has automatic feed'diaengagement after
drilling to a given depth.

The [feningrag] Plant imeni Sverdlov hag manafactured an experimental model
of a new horizontal boring machine, Model 2631, with a spindle diameter of 125
nillimeters. This machine is distinguished by 1ts great rigidity and vibration
resistance; it assures high precision and Tineness of finigp, The entire con-
trol system works by push buttons. There is provision for the installation of
8n optical unit with a screen reading of coordinates which rermits the perform-
ance of precision operations in a mininum amount of time,

The postwar Five-Year Plan, which devoted reat attention to an inzrease
in laber productivity in all branches of the nats ‘nsl economy, also pointed out
that one of the basic ways to achieve thig aoal was the widespread introduction
of special, combination, and automatic machine ©osls, and automatin constant-
flow lines.

The basia advantage of the special and comtinntion machine teels lies in
the sharp decrease in producticn area and ip the rurber ©f machine tools re-
quired, as well as the incresse in labor Productivity in the mags production of
parts. This is echieved through tne concentration of operations and the simul-
taneous use of g large number of tcols. Frequently, a workpiece is machined
from several sides at one time.

Work under large-series production coriitions, which would require 30
lathes, 30 operators, and 250 squure meters o7 production area, could be done
on four multispindle automatie lathes attended by twe werkers in 50 square me-
ters of production area.

The postwar period in the developme 1t o7 Snvial, machine-tool building is
characterized by great success in the fialdg oo perfecting special and combina~
tion machine tools and automatic-transter nachine lines.

The proportion of special and combination macnine tcols produced in rela-
tion to the total output cof enterprises o the Ministry of Machine-Tool Build-
ing increased from 0.9 percent in 1937 to 11.2 percent in 1949. The number of
such machines in 1949 was 32 times the 1037 fizre.

In 1949, the Krasnyy Proletari: FPlant putl out a series of special high-speed
lathes for chuck and center werk.  Models MK-163, MK-16k, MK-167, MK-182, and
MK-185. These lathes, set on an ordinary base, have found wide application in
& number of branches of machine buildins. The design of these lathes provides
for cutting speeds above 1,600 meters per minute. Hence, the productivity of
lathe operations can be inereased nmore than four +imes, An electric tracer de-
vice on these machines makes it possible to adept new improved technology, to
raise the technical level of machining complex-shaped parts with diameters up
to 1,400 millimeters, and to simplify and facilitate the worker's job consider-

ably.

The same plant has perfected a nev 35-ton Model 9801 lathe for the semi-
finishing and final turning of crankpins up to 450 millimeters in dismeter and
adJacent webs of erankshafts 5,000 millimeters long. This machine assures high
Precision machining of the part.

| | ; ' 637-8
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For the first time in the Soviet Union, the Krasnyy Proletariy Plant hag
put out a two-position hydraulic multicutter semlautomatic, Model 1841 » weigh-
ing 32 tons. It is designed for simltaneous machining of all the connecting-
rod Journals on twn automobile crankshafts. The operator has only to clamp and
Temove the work and start the machine. Besides high precision machining, this
lathe also ensures double productivity.

The Krasnyy Froletariy Plant has als0 released an original high-duty thread-
milling automatic, Model MK-191. The new machine tool permits the simi)taneons
milling of a hole and face and the cutting of threeds on both ends of a graphite
electrode 225-500 millimeters in ~iameter and 1,500 millimeters leng. Machin-
ing, loading, and unloading of workpieces on this machine are fully automatic,
which assures high labor productivity and permits the simaltanecus attendance
of several machines by one worker. A3l the vorking parts are hermetically
sealed, the cutting process taking place ingiie special hoods from which the
graphite dust is removed by a Ventilating device. This énsures sanitary and hy-
gienic working conditions and long life of the mechanisms of the machine.

The Plant imeni Sverdlov perfected & heavy four-spindie horizontal boring
machine, Model LR-10, weighing 175 tons, to be used for the simultaneous bi-
lateral high-speed boring of the piston and valve openings of the cylinder of
L-geries locomotives, as well as turning the adjacent faces. The high rigia-
ity and vibration resistance of the machine tool permit boring speeds up to Loo
meters per minute and provide an increase in productivity of eight to ten times
a8 compared with foreign-made machines. The desisn makes it unnecessary to use
removable boring bars, whick considerably easee the Job of the worker and cuts
down on time for auxiliary operations.

The same plant has perfected the *Wo-spindle Model LR-15 machine tool for
Tinish boring and facing the crang Pin 1n the wheel pairs of Series L, 50, and
SU locomotives. In comparison with similar foreign.made machines, productivity
of the Soviet machine (up to ten wheel pairs per shift) is four to eight times
as great, with half as many attending personnel required. For development of
the domestic horizontal boring machlines, M., Ye. Tl'vasberg, the leader of the
project and chief designer of the Plant imeni 3verdlov,and a group of plant
workers were awarded a Stalin Prize -or 1950,

Until recently, duplicating machines of U3 manufacture were considered the
best machine tools for machining complex surfases. During the postwar years,
T. N. Sokolov, Stalin Prize winner, in collehoration with a group of designers
and engineers, designed an electric duplicatine automatic vhich machines such
complex surfaces as dies and press molds faster and more accurately than US
machines of this type.

The automatic lathes for machining railroad-car and tender axles developed
by persomnel of the Krasnyy Proletariy Flant are widely known and used. Rail-
road-car ax'es undergo complete machining on these lathes which have a 20-per-
cent greater productivity than comparanle lathes of prominent US firms,

During World War II, a numher of plants producing tank and aireraft en-
gines were completely equipped with Soviet combination machine tools. In the
postwar period, the field of application of combination machine tools expanded
greatly. Where as previously, they had been produced mainly for the automobile
and tractor industry, they are now being supplied in ever increasing quantities
to plants of the e.gricultural-machine-building,, electrical , transport-machine-
building, and other industries.

For example, one domestic 1A235 machine tool, in constant-flow line ma-~
chining of mowing-mechine frames, bores two holes 61.h millimeters in dimeter
and drills six holes 6.7-11 millimeters in diameter at the rate of 20 frames

Per hour.
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Combination mi1ling machines are 2150 Yeing made from Standard units, A
large number of these have heen manufactured, Particularly for the Automobile
Plant imenj Stalin, which, for example, uses the 1P319 machine tool for milling
the front axies of the 215-150 truck.

The clearest example of the technical Progress in Soviet machine-too0l
building g furnished by the ever-increasing uge of automatic-trangfer machine
lines. One of the basic features che.racterizing advanced technique is the
automatization of Production by the development of autematic systems of ma.-
chines, each of which "performs al1 the motions necessary for the machining of
the raw material vithout human assistence and needing only to be controlled by
the worker" (x. Marx, Kapital, vo) I, p 277, Gospolitizdat, 1949).

Pairs. Between the °Pposing machines, attachments for clamping the parts are
installed. 1In the lower part of thege attachments are a rog &nd metal sliding
plates (plastiny-sklizy) which extend through +he entire line.

After the part is placed on the plates and the starting button ig pressed
on the control panel, the metal rog begins to move, and hooking the part with
its dogs, delivers it to the attachment op the first pair of machines. Here,
the rod releases the blank ong returns o its original position, Guide pins of
the attachment then go 1into Specisl openings in the blank, guiding it into the
Proper position in relation to the tools of the machines, where it is secured
by clamps. Only after all thege operaticns, do the tool heads rapidly advance
toward the part and begin to machine {t. As the last tool finighes its Job,
the tool heads quickly withdrav, and the clamps release the part, which is
moved forward to the next pair of machines by the rod. The rod, at the same
time, delivers g new workpiece to the machine pair which has Just completed its
Job. Thus, after the first blank placed on the conveyer reaches the last or
seventh pair of machines, all the machines are loaded, and all 134 tools of the
line are in operation.

The entire operation of the !ine ig automatic. Al the movenents of con-
veyer, guide pins, tools, ¢lamps, ete., are constantly controlled by electrical
and hydraulic apparatus. In cage of trouble in one of the links of the line,

a light flashes on in the control panel, showing whi~h machine is in trouble,
and simultuneous].y, th» machines are Stopped.  Every 3.5 minutes a finished
cylinder head comes of " the line. The mechining of thig same part on universal
machine tools usually took 195 minutes,

Since this first line, machine-tool builders have designed several even
more improved constant-riow lines, and at Present, there is bardly an automo-
bile or a tractor plant which does not employ autometic-transfer machine lines
for the machining of cylinder blocks, caps (kryshka), eta.

There is an automatic-transfer machine line ccnsisting of machine-tool
Models 1A58-1A78 for machining the cylinder blocks of diesels at the Yarcslavl®
Automobile Plant. It performs the drilling, counterboring, chanrfering, and
cutting of threads in the top and bottom faces of the cylinder block on the
blower side. Blocks being machined are transferred with dogs from one position
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performed pneumohydraulically. The line consists of 22 machine tools with a
total of 351 spindles and 38 electric motors having a combined power of 113
kilowatts. The line is attended by four workers; its productivity is 20 blocks

per hour. The production of the same number of blocks on universsl machine
tools would require 24 skilled workers per shift.

There 18 an automatic line consisting of machine-tool Models 1A4k3-1a448
for drilling, chanfering, facing of hosses, boring, reaming, and cutting of
threads in the oblique holes in the four-cylinder engine block of the Pobeda
automobile. The line consists of 81 inelined bilateral nachines with two-po-
sition attachments, a total of 60 spindles, and 22 electric motors having a
combined power of 50.3 kilowalts. The line is equipped with attachments for

automatic control of hole depths, a special automatic device for centralized
lubrication, end a ronveyer for the removal of chips. A pneumatic chip blower
is employed to clear the holes o chips prior to the cutting of threeds.

The line is controlled automatically from a cen
devices for quick loc

in machining & block
tools and five times

tral control panel with
ation of operational disturbances. The labor consumption

on this line is 18 times less than on universal machine
less than on combination machine tools.

7Y Of FachineTool Buding / | 50X1-HUM
for description of this pror:e5§7.

A special place in the development of Soviet machine-tool building be-
longs to the production of heavy machire tools, which are necessary to a num-

her of enterprises in such vranches of industry as turbine building, ship
building, excavator huilding, ete.

These branches of industry employ such machine tools as planing machines
vhich machine a width and lenrth up to 5 end 18 meters, respectively, boring
mills for machining parts up to 25 meters in dianeter, lathes for machining
parts up to 5 meters in diameter and 30 meters long, and gear-cutting machines
for cutting rears up to 12 neters in dianmeter. &Sach of these machines welghs
500 tons or more, and the pover of the motors is up to 500 kilowatts. The
erection of such machines requires an area of up to 400 square meters and a
helght of 2k meters up to the rails o~ the overhead traveling crane.

Soviet industry is confronted with the task o~ developing a domestic

heavy-machine-tool-buildin - industry capable of satis’ying all the requirements
of the national econony. Despite the fact that the buillding of such machines

1s a complex assigmment, de”inite prowress in the field of mamifacturing heavy
and large machine tools has bHeen attained.

In 1940, the plants of the Ministry of
the following niversal heavy marhine tools:
gear-cutting machine, weighing 29 tons, for
diameter: and Model 265v borin- rachine with a spindle diameter of 150 milli-
meters, intended for boring heles up to 1,200 millineters in diameter in the
frames of large machines. ™ic machine has @ wide range of speeds and assures
high-speed boring. It weirhs about 70 tons. Such large boring machines are

being manufactured in the USSR for the Tirst time. Also made is the Model

7256 planing machine for planing large parts weighing up to 20 tons. TIts di-

mensions are 2,000 x 5,000 x 1,500 millimeters. The machine has infinitely
variable table speeds from 6 to 75 meters per minute. It excels ell foreign-
mede planers of similar size in speed acceleration. It weighs about 65 tons.

Machine-Tool Building perfected
Model 5330, a large, high-duty,
cutting gears 1,500 millimeters in
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Production has alsoc been mastered of HModel 1551 universal two-sided ver-
tical lathe for machining yarts up to 1,650 millimeters in diameter. The max-
imum face-plate speed, which is up to 95 revolutions per minute, permits ma-
chining of work 1,000 millimeters in diameter at & cutting speed of up to 300
meters a minute. The welght of the lathe is about 25 tons.

A considerable increase in the production of precision instruments speci-
fled in the postwar Five-Year Plan has necessitated the development of & spe-
clal base for the production of machine tools for precision-machine and in-
strument buildin~ in the US3SR.

Numerous technical difficulties were encountered in this endeavor. The
manufacture of high-precision machine tools involves the solution of complex
technolorical nroblems, the use of materials of special quality, high-precision
antifriction bearin-g, high-quality electric motors, optics, ete.

Despite the dif®iculties in mastering the production of high-precision
machine tools, in 1949, Soviet industry hed supplied the national economy with
the Model 2450 Jfig boring machine, 500 x 1,100 millimeters in size, the MM582
threed-pgrinding machine for machining perts 100 millimeters in diameter and
700 millimeters long, the Model 3816 finishing machine for mirror-surface f£in-
ishing of cylindrical roller bearings, and the Model 345 spline grinder for
machining shafts up to 120 millimeters in diasmeter and 750 millimeters long,
etc.

A special place is occupied by precisicn machine tools for machining pre-
cision leed screws Tor lathes and other nachines, as well as dividing pairs
(pa.ra) for gear-cutting machines. The variety of types of grinding and Jig
boring machines for tool production has greatly expanded. The production of
gear-grinding machines, small precision lathes, milling, gear-cutting, and
other machines for precision-machine and instrument building is being per-
fected.

In describing the technical Progress in machine-tool building, it is im-
possible not to dwell, however brielly, on the development of those branches
of industry closely connected with iachine-tool production on which depends
the further development of machine-tool building. This refers first of all to
industries producin; tools, abrasives, electrical and hydraulic equipment,
fittings, standard and conventional parts, etc.

In prerevolntionary Russia only the simplest, predominantly forged tools
were rade, %0 percent of the required tools being imported from sbroad. An
abrasives industry was -ormpletely lacking. The only plant in the whole coun-
try vas a semidomestic one which produced only rough grinding wheels out of
rav materials imported fronm Germany.

After the Cctober Revolution, and especlally during the earlier Five-Year
Plans, simultaneously with the development of the machine-tool-building in-
dustry, en intensive development o” tool and abrasives production took place.
During the first two Stalin Five-Year Plans, nine special tool-making plants
were set up. In the course of just 12 years, from 1928 to 1940, the output of
the tool industry increased six times. As a result of the Stalin Five-Year
Plans, a powerful tool base was developed, capable of manufacturing any kind of
tool and meking the Soviet Union independent of foreign sources. Great for-
ward strides have been made hy the tool industry during the postwar Five-Year
Plan.

- 10 -
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On the basis or the experience or innovators in high-speed machining ang
the perfection of high-speed machine-tool Production, the tool industry wag
confronted with the task of expanding the production of hard-alloy cutting
tools which will make it possible to machine heat-treated and very hard steels
and to reduce the nachining time three to five times.

In 1949, o considerable expansion in the number or types of hard-alloy
tools, including drillg » counter bores, reamers, and face- » side-, and end-
milling cutters took place. Production of hard-alloy tools increased 2.5 times
in 1949, as compared with 1948.

Series production of gear-cutting tools was prerfected. Thege tools in-
clude hobs with inserted blades, large-module milling cutters s Class A hobs
with flanking profile and precision-made for precision machipe building; hobs,
slotting, and shaving tools with medules of 0.1-.1 millimeters, to be used in
instrument building; threa.d-cutting and boring tools for the machining of geo-
logica.l-prospecting ripes up to 16 inches in dlameter; and the 3KA and 4kA
thread-r:utting heeds for automatics,

A number of measuring-tool plants have perfected and are now producing
the following: a serieg of complex checking automatics for piston rings and
ball bearings, a serieg of electrical multimeasuring instruments of the s8ignal-
light type, Pneumatic two-tube instruments, instruments for checking the back-
lash of small-module gears with minimeters of new design, and checking ang
sorting automatices.

The production of abrasives hag increased every year. During the earlier
Stalin Five-Year Plans, production of grinding wheels was 90 timeg that of the
pPrerevoluntionary period. To replace the semidomestic industry, a modern
abrasives industyry developed, with widely mechanizeq working Pbrocesses, capa-
ble of meeting the demands of the national economy for abrasive products of
any hardness and Tornm.

' The great expansion in production of new types of abrusives and allied
materials during the postwar Five-Year Plan is bound up with the widespread
adoption of the hard-alloy cutting tools. In 1949 elone, Soviet industry re-
ceived Ob new types of abrasive tools of improved quality, which permitted an
inerease in labor Froductivity and provided highly produstive tools for new

technological operations.

As a result of the creative efforts of the personnel of the Scientific
Research Institute for Abrasives and Grinding in the period 1948 - 1949, for
the first time in history, a special abrasive tool, supplanting expensive dia-
monde was developed for truing grinding wheels. This achievement was awarded
& Stalin Prize for 19hg,

To 1nsure high-quality machine-1oo0l equipment and considersble reauction
in production cost in the machine-tool‘-building industry, ancillary industries
were developed for the manufacture of hydraulic and electrical equipment, ma-
chine-tool accessories, and standardized rarts. As a result of the central.
ized supply of fastening andg reinforcing parts marufactured at specialized aux-
iliary enterprises, one of the milling-machine plants was able to save one mil.-
lion rubles a year.

By supplying the national economy with highly productive equipment, ma-
chine-tool building has facilitated technical brogress in a number of leading
branches of machine building. Automatic-transfer mechine lines for the auto-
mobile, tractor, and agricultural—machine-building industries, and machine
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tools for locomotive, railroad car, metallurgical, petroleum, turbine, and
other branches of industry have greatly increased production in all these
fields and made it possible to organize constant-flow production of highly la-
bor-consuming operations in machine building.

Close collaboration of machine-tool builders with these branches, and
especially with the automobile and tractor industry, has resulted in their mu-
tual enrichment through the exchange of ad-anced techniques. Studying the
methods of mass production of automobiles, tractors, and other machines, ma-
chine-tool builders began to adopt these methods at their own plants.

For the Pirst time in the world in machine-‘*o00l building, output of DIP-
200 lathes at the Krasnyy Proletariy Plant, and of Model 1615 lathes at the
Volzhskly Plant was converted to constant-flow methods of production, with the
use of conveyers for assembly. In 1949, the Krasnyy Proletariy Plant, without
production, switched over to the constant-flow method of production of the mod-
ernized high-speed 1A62 lathe, while the Volzhski ¥ Plant converted production
of the 1615M lathe to the constant-flow method.

At present, more than 90 percent of the lathes capable of machining diam-
eters of 320-400 millimeters are being produced by constant-flow methods at
the ministry's plants. As a result, labor consumption in the production of
machine tools has been cut 25-30 percent while their output has increased 4o-50
percent,

Also for the first time in the world in the tool industry, constant-flow
production hag been organized, employing conveyers not only in asesembly but
also in the machining of micrometers and slide gauges at the Kalibr Plant; of
dies and taps at the Frezer, Sestroretsk, and other plants, and of segments
for circuler saws at the Kirzhach Plant.

A large quantity of tools 1s now produced by the conveyer method: mi-
crometers, 90 percent; slide gauges, 70 percent; segments, 100 percent; indica-
tors, 95 percent; slotting cutters, 80 percent; and files, 55 percent.

In 1949, constant-flow lines for the manufacture of bakelite-bonded grind-
ing vwheels went into operation at abrasives plants., This nmade possible an an-
nueal increase of 400 tons in grinding-wheel production and a 15-percent de-
crease in labor consumption.

In foundry production, constant-flow methods of casting on conveyers are
being employed; at the same time nev molding and core materials of readily
available rew materials are being perfected.

In 1949, 76 percent more .onstant-flow lines and technologically closed
sections vere organized than in 1948,

High-speed work methods have received most extensive dissemination in the
ministry's plants. There are already thousends of high-speed innovators. Cut-
ing speeds of 600-700 meters per rinute are no longer news at nachine-tool
building plants; some bigh-speed workers have attained cutting speeds of 1,500-
2,000 meters per minute. In 194G, 61 percent more machine tools were converted
to high-speed cutting than in 1948,

The high-speed movement entered 8 newer, more advanced stage in 1949, En-
tire sections and wings employing hipgh-speed methods of machining appeared.

The progressive technological processes adopted by the machine-tool-build—

ing industry have necessitated the designing, perfection, and introduction of
nevw highly productive machine-tools. Before the war, the machine-tool-building
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industry d1d not utilize combination boring, mltispindle, and other special
machines. Now, the technology of constant-flow production is based princi-

pally on these machine tools, The basic parts of lathes such as head stocks
and tailstocks, aprong and feed boxes are machined primarily on combination

machine tools. This shortens machining time six to ten times.

Machining on multicutter machine tools with an automatic operating cycle
and miltispindle milling of the surfaces of guch basic parts as beds, head-
stocks, carriages » ete., are now common.

In the production of fitting and assembly tools, three-jaw chucks, files,
and maechine-tool parts, external broaching {is employed, which increases pro-
ductivity two or three times,

In 1949, plants of the ministry widely adopted the vortical method of
worm-gear and Berew cutting, which incresses the productivity of cutting three
to five times, Hardening of lathe-bed ways by high-frequency currents vas
perfected. This increases their vear resistance several times, The technology
of series production of sectional hobs and side-milling cutters with pressed-in
(zapreasovannyy) blades has been mastered. This has meant a great saving in
high-gpeed steel.

In 1949, machine molding in the foundries of machine-tool-building plants
increased 22.5 percent over that of 1948. There has been an increase in cen-
trifugal chill casting. The precision casting of tools and parts of complex
shape has been mastered. The heating of air blasts in cupola furnaces has bean
introduced to save fuel. Modified Plg iron, which increases the durability
and wear resistance of basic machine-tool parts, has also been adopted.

Technological improvements at abrasives Plants have resulted in increased
output of sbrasive wheels, in better quality, more uniform hardness, and im-
proved production of ahrasive grains of particularly needed sizes.

At machine-tool-bullding and tooi plants, widespread sutomatization of
production processes is teking place.

No less general 1s the mechanization of labor-consuming and arduous opera-
tions, especially in foundries in machme-tool-buildmg plants.

The rreparation of sand, its distritution to work areas, and the loading
of machines were previously dene manually; nov, all these processes are mech-
anized at the bdsic plants of the ministry. Central mechanized sand-condi-
tioning machines have been developed, which raise productivity two or three
times.

IV. THE ROLE OF SCIENCE IN THE DEVELOPMENT OF
SOVIEDT MACHINF-TOOL BUILDING

One of the distinguishing features of Soviet technique 1is the creation of
conditions favorable to the broad development of scientific research work. It
i8 not by accident that in 1933, the great Experimental Scientific Research
Institute of Metal-Cutting Machine-Tools (ENDMS), the first in the world, was
established in the USSR. Soviet machine-tool building now has at its disposal
& highly developed network of scientific research orgenizations. During the
17 years of its activity, ENIMS has created many first-cless types of machine
tools. Under the leadership of V. I. Dikushin, its chief designer, Stalin
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Prize winner, and corresponding menber of the Academy of Sciences USSR, ENIMS
has developed and widely introduced into domestic machine building combination
machine tools, automatic-transfer machine lines and the automatic-piston plent.

Experimental checking of the operational quelities of various parts and
units, as well as of machine tools as a vhole, which 1s being carried on by
ENIMS, permits the solution of the problems of selecting the best materials ,
shapes, and designs for machine tools. For the first time in the world, in ma-
chine-building practice, ENIMS scientifically worked out the problems of rigid-
ity and vibration resistance in machine tools, which are of major importance
in designing high-precision, long-lesting lathesn.

The ENIMS staff worked out the basic theories of hydraulic drives for ma-
chine tools, vhich resulted in widespread incorporation of hydraulics into
metal-cutting equipment by the domestic machine-tool-building industry.

One important task of ENIMS is the soiution of problems concerning the
design and use of electric drives for machine tools. During the earlier years
of the postwar Five-Year Plan, ENIMS designed the ELIR electronic-ionic speed
regulator for smooth adjustment of direct-current motors. The ELIR is far su-
perior to analogous designs of US manufacture.

The work of ENIMS in the field of standardization and normalization has
led to the circulation of several hundred departmental standards for parts and
units in the machire-tool-building industry. With the use of thege standards,
the design and perfection of new machine tools are proceeding at a much faster
rate. The broed development of standardization in the field of machine-tool
building is spreading to other branches of industry. At present, departmental
standards of machine-tool building are being used in organizations of more
than 20 industrial ministries.

Problems concerning the automatization of production worked out by ENIMS
are being developed further. On the tasis of advanced soviet science; the
ERIMS is conducting work on the systematic automatization of the most labor-
cousuming metalworking processes. Its work in the field of complex automati-
zatlon of munufacturing processes 1s evidenced by the development of the auto-
matic-piston plant and of lines for the manufacture of files, electric-motor
shafts, and piston rings.

'y

Besides developing new mechine-tool designs for high-speed metalworking,
ENIMS, during the postwar years, has done much work on the modernization of the
existing machine-tool park, as a result of which Soviet industry has been shown
some concrete methods 5f utilizing existing equipment [for work at higher
speed.

Results of the work of the All-Unlon Scientific Research Tocl Institute
(VNII) have made it possible to achieve cutting speeds of 450 meters per minute
and higher through the use of hard-alloy-tipped cutting tools. On the basis
of VNII research, the most economical and most productive domestic grades of
haerd alloy were determined. These are now used for high-speed milling.

The Scientific Research Bureau of Interchangeability, which was organized
more than 15 years ago, has developed automatics for checking and sorting the
automobile pistons made by the automatic plant.

ﬁnnovators and leaders in Soviet machine-tool building who have been
avarded Stalin Prizes for notable achievements are mentioned here. This in-
formation is available in FDD Summary No 25, 14 June 1950, and No 46, 18 June
1951.7
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V. IMMEDIATE PROBLEMS AND TECHNICAL TRENDS
IN SOVIET MACHINE-TOOL BUILDING

New machine-tool designs, their quality and wide variety of types, are
leading to a radical change in technology, not only in machine building in
general but also in a number of other branches of the national economy. Newer,
more modern technological processes are increasing the rate of industrial de-
velopment, raising labor productivity, and lowering production cost.

The development of Soviet machine-tool building in the immediate future
will be characterizedi by the following basic principles:

1. Creation of high-quality, heavy, and unique machine tools, the design
of which should provide:

8. Sharp reduction in auxiliary time for setting up heavy workpieces
by the use of special installation devices and instruments.

b. Utilization of a considerable mumber of similtaneously working
tools.

¢. High-speed machining with the use of hard-alloy tools.

d. Maximum automatization of control and sutomatic interlocking as
protection againat breakdowns.

e. Maintenance of uniform, economical cutting speed in turning the
faces of large-size parts.

f. Automatic chip removal.
8. Use of remote automatic control of the machine tool.

h. Automatization of the measurement of the vworkpiece during the ma-
chining process.

2. The design of special combination machine tools and automatic-trans-
fer machine lines should provide maximum automatization of machining processes,
automatic control of tool and machine operations, as well as the quality con-
trol of the size of vorkpieces., The physical labor of workers on gpecial and
combination machine tools and automatic lines should be reduced to a minimm,

3. The next 3 years must see the perfection of various types of precision . ,
machine tools needed in conmection with the technical development of the nu-
merous branches of machine building which require a sharp inerease in the pre-
cision of machined parts and machines as a whole.

k. New designs for general-purpose universal machine tools should pro-
vide a further increase in cutting speeds, utilization of the potentialities
of hard-alloy tools, and precision ard finish of machining. In the final anal-
ysis, these measures should result in increased labor productivity, lower
labor consumption, and lower production cost.

For example, all types of milling machines should provide cutting
speeds of 1,000 or more meters per minute.

The use of various types of automatic clamping devices will permit the
widespread adoption of the practice of attending several machine tools at one
time,

1
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A special place will be oceupied by gear-processing machines. The
existing variety of types of gear-processing machines is entirely inadequate.
At present, meagures are being taken to perfect a wide variety of gear-proec-
essing machines. Provigion 18 being msde for the develcpment of a geries
(gumma) of gear-processing mechines for Precision-machine building and heavy-
machine building, with work diameter of gear wheels up to 5,000 millimeters.
Also envisaged are g series of gear-cutting machines for bavel gears up to
1,500 millimeters in diemeter and & series of gear-finishing machines, includ-
ing gear-grinding machines. Along with this » Work is being conducted on the
development of a more highly productive gear-processing tool.

For the first time 4in the Soviet Union, gear-procesging machiness for
the manufacture of globoid meshing gears will be produced. These gears are
indispensable in the manufacture and repair of blooming mills , 8lab mills,
various types of rolling mills, and shears, the gear meshes of which show a
high degree of technical development angd Tequire an extremely complex and fine
technology of manufacture. The operating cycle of all the gear-processing ma-
chines is to be either automatic or semiautomatic.

type-designations of highly productive hard-aliloy cutting tools, various kinds
of measuring apparatus, measuring automatics, and universal measuring tools.
For the abrasives industry, it means the development of the type-designations
of abrasive tools which will increase the productivity of grinding and other
finishing machines and ensure precision and high-quality finish of machining.

5. In the field of new technology, it will be necessary:
a. To increare the number of constant-flov lines in the production
A of machine tools s tools, abrasives, and products of anciliary industries.

b. To convert completely to constant-flow production of s)ide gauges,
cutters, drill chucks, riles, round dies, blades for sectional tools, drills,
tapa, lathe chucks 240 ang 325 millimeters in diameter, individual lighting
equipment for machine tools, and grinding wheels for sharpening saws and hard-
alloy tools;

c. To convert an overwhelming number of machine tools to high-speed
machining methods.

d. To increase several times the number of high-speed sections.

e. To convert a number of plants tc nonabrasive grinding of hard-
alloy-tools and to broaden the adoption of bimetallic parts and induction
hardening of parts.

f. To introduce automatic regulation of the fusion of white corundum
in electric furnaces, automatic air blast feed regulation in cupela furnaces,
and automatics for checking and sorting drills and taps in constant-flow pro-
duction.

g. To introduce wide-scale automatizetion of production processes by
putting into operation the maximum number of automatics and semiautomaties,
cambination and special machine tools and eutomatic-transfer machine lines.
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